In a shallow near-infrared survey of the dwarf Irregular galaxy, NGC 3109, near the periphery of the Local Group, we have found eight Mira variables, seven of which appear to be oxygenrich (O-Miras). The periods range from about 430 days to almost 1500 days. Because of our relatively bright limiting magnitude, only 45 of the more than 400 known carbon stars were measured, but none was found to be a large amplitude variable. One of the Miras may be an unrecognised C star. Five of the O-Miras are probably hot-bottom burning stars considering that they are brighter than expected from the period-luminosity relation of Miras and that, by comparison with theoretical evolutionary tracks, they appear to have masses 4M . A census of very long period (P > 1000 days) Miras in the Galaxy and Magellanic Clouds is presented and discussed together with the newly discovered long period, but relatively blue, variables in NGC 3109. New JHKL photometry is presented for three O-rich long period Miras in the SMC (including a candidate super-AGB star).
INTRODUCTION
NGC 3109 is a small galaxy, classified as SB(s)m (de Vaucouleurs et al. 1991) or dIrr (McConnachie 2012) that is associated with a group of dwarf irregular galaxies including Sextans A, Sextans B, Antlia and possibly Leo P. NGC 3109 is outside the virial radius of the Local Group and is probably not bound to it, though it may have been near the Milky Way about 7 -9 Gyr ago (Pawlowski & McGaugh 2014) . It was nevertheless included in our infrared search at SAAO for long period variables in the Local Group (see e.g. Menzies et al. 2015) .
Based on the colour of the red giant branch (RGB) (Hidalgo et al. 2008 ), the metallicity is very low, [Fe/H] = −1.84 ± 0.2. Nevertheless, a spectroscopic study of blue supergiants and Hii regions in NGC 3109 (Evans et al. 2007; Hosek et al. 2014; Tramper et al. 2014 ) results in a metallicity that is significantly higher, [Fe/H] = −0.67. Peña et al. (2007) find O/H+12 = 7.77±0.07 for Hii regions, in good agreement with that found by Evans et al. (2007) , and suggest that the current interstellar medium in NGC 3109 is chemically very homogeneous. Thus the young component of NGC 3109 has an O/H ratio about half that of the SMC.
There have been many determinations of distance, which are summarised by Soszyński et al. (2006) . We use the modulus, (m − M) 0 = 25.6, in this paper. The reddening is small, E B−V ∼ 0.09, with about half of this being ascribed to position-dependent internal reddening (Soszyński et al. 2006) . We ignore reddening in the near infrared in the following discussion.
The galaxy is gas-rich, with an extensive Hi envelope (Jobin & Carignan 1990; Carignan et al. 2013 ). The Hi is warped in the outer disk towards the neighbouring Antlia galaxy to the south-west suggesting an interaction in the past, though not at present (Carignan et al. 2013) ; the disk is seen almost edge-on with an inclination of 75
• . The rotation curve is consistent with a dark-matter halo that dominates at all radii. Demers et al. (2003) found more than 400 C stars in the galaxy, mostly confined to the plane of the disk, and there does not appear to be an extensive halo. They find a C/M ratio of 1.75, typical for a metal-poor galaxy such as this (see e.g. Cioni 2009 ).
The present investigation extends our study of AGB variables in the Local Group, which to date has covered dwarf spheroidals (Leo I: (Menzies et al. 2010) , Fornax: (Whitelock et al. 2009 ), Sculptor: (Menzies et al. 2011) ) and dwarf irregulars (NGC 6822: (Whitelock et al. 2013 ), IC 1613: (Menzies et al. 2015) , Sgr DIG: (Whitelock et al. 2018) ). Our project is to investigate AGB variables in different environments with two primary aims: first, to test models of AGB evolution (e.g. Marigo et al. 2017) , and secondly to investigate how well Miras can be used as fundamental distance indicators. Short period Miras, which occur in Galactic globular clusters (e.g. Feast et al. 2002) are reasonably well understood and are proving to be useful distance indicators (e.g. Whitelock et al. 2008a; Whitelock & Feast 2014; Huang et al. 2018; Yuan et al. 2018 ), that will be particularly important in the JWST era, because they are bright infrared sources.
Miras with periods significantly over 400 days, which have more massive progenitors, remain very poorly understood. These are often strong mid-infrared sources (Riebel et al. 2015; Whitelock 2017; Boyer et al. 2017 , and references therein) and are important in terms of the global dust budget for galaxies. Some of these undergo hot bottom burning (HBB) (Whitelock et al. 2003) , but how this depends on their environment remains poorly defined. Of particular current interest is the upper mass limit for AGB stars, understood to be in the range 6.5 − 11 M , that determines which stars become supernovae and which end their lives as white dwarfs. The input physics is uncertain, so models differ significantly from one to another. Observations have yet to isolate a definite example, but the best candidates are the very luminous, large amplitude, long-period variables of the type we investigate here.
Given the distance to NGC 3109, we are only sensitive to the brightest variables, so our objective in the present study is to investigate the most massive of the AGB variables. A deeper survey is required to get a complete sample.
OBSERVATIONS
Our observations were made with the SIRIUS camera on the Japanese-SAAO IRSF telescope at Sutherland. The camera produces simultaneous J, H and K S images covering a 7.2×7.2 arcmin square field with a scale of 0.45 arcsec/pixel. NGC 3109 is extended in approximately the east-west direction and it was necessary to use 3 pointings to cover the bulk of the galaxy. These were centred at α(2000.0)=10:03:06.8, δ(2000.0)=-26:09:31.9, (field 1), and displaced by ±7.2 arcmin (fields 2 and 3, respectively) in RA. The aim of this observational series was to find long-period variables; observations were made at 17 epochs spread over a little more than 3 years. For each of the 3 fields, 10 dithered images were combined after flatfielding and dark and sky subtraction. Typical exposures were of either 20 or 30 seconds' duration, depending on the seeing and on the brightness of the sky in the K S band, and typically 50 or 30 exposures, respectively, were combined to produce the final images. Photometry was performed using dophot in 'fixed-position' mode, using the best-seeing H-band image as a template. Aladin (Bonnarel et al. 2000) was used to correct the WCS on each template and RA and Dec were determined for each measured star. This allowed a cross-correlation to be made with the 2MASS catalogue, and photometric zero points were determined by comparison of our photometry with that of 2MASS. With at least 24, mostly foreground, stars in the range K S = 11.7 − 14.5 mag, in common in each field, the standard errors of the zero points in the three filters are ±0.01 mag. Fig. 1 shows the K S − (J − K S ) and (J − H) − (H − K S ) diagrams. The variables and C stars are highlighted. In the two-colour diagram, the box outline, or 'Mira coffin' (Feast et al. 1984) , shows the region where O-rich Miras in the Galaxy are found (the original coordinates of the box edges were on the SAAO system and have been transformed to the 2MASS system for this diagram using relations in Carpenter (2001) ). The box is displaced with respect to the locus of normal giants in both J − H and H − K S due to the dominance of H 2 O absorption in the near infrared. Galactic carbon-rich stars (including Miras), with little or no water absorption, fall along the upper left edge of the box, and extend it to larger J − H and H − K S when they experience significant circumstellar reddening (Feast et al. 1982) . Six of the newly-discovered Miras fall in the box. Of the more than 400 C stars found in the galaxy by Demers et al. (2003) only 45 appear in our photometric catalogue because of our relatively bright limiting magnitude. A colour-magnitude diagram published by Górski et al. (2011) shows that the bulk of the C stars must be about one magnitude fainter than our observing limit.
COLOUR-MAGNITUDE AND COLOUR-COLOUR DIAGRAMS

Separation of Field and Member stars
From the distribution of stars in the two diagrams, it seems clear that there are many field stars present. It is instructive to compare these diagrams with what is expected in the field based on a trilegal (Girardi et al. 2005 ) simulation for the same area as our photometry covers. This is shown in Fig. 2 , where the trilegal points are shown in magenta superposed on our diagrams. It should be noted that no observational errors have been applied to the trilegal data.
It appears that, in our sample of the NGC 3109 field, unambiguous members lie to the red of J − K S ∼ 0.9. Thus, as expected, our survey is very shallow and comprises mostly the late-type giants on the AGB and supergiants (if present). The same conclusion could be reached by making J−H and H−K S cuts in the two-colour diagram to isolate the obvious field dwarf and giant sequences.
VARIABLE STARS
As stated earlier, the purpose of our study was to search for and characterise long period variables in NGC 3109. We have discovered nine large amplitude variables -eight are apparently Miras, while one is unusual, being blue and having a peculiar light curve as discussed in section 4.2.
Variables found in our catalogue
Median standard deviations were determined at half-magnitude intervals for each of the wavebands represented in Fig. 3 . Lines were drawn at twice these median values (see the figure) and a star was considered variable if for all of J, H and K S its standard deviation lay above the relevant line. We used Lomb-Scargle periodograms to find possible periods. Because the data points are not well distributed in time and for some objects are relatively noisy, we found that the best results were obtained by adopting the multiband periodogram approach of VanderPlas & Ivezić (2015) whereby all 3 wavebands are fitted simultaneously. The stars for which we found periods are shown as asterisks in Fig. 3 , where we plot standard deviation against magnitude for our catalogue. The stars with similarly large standard deviations may be variable but are either not periodic or may actually be marginally resolved background galaxies that appear to vary because of seeing fluctuations from image to image.
The light curves of the eight periodic variables of the eight periodic variables are shown in Fig. 4 with single-period sinusoids overplotted on the observations. Mean magnitudes estimated from the lightcurve fits are listed, together with the derived periods and peak-to-valley amplitudes (∆J, ∆H, ∆K S ), in Table 1 . Bessell & Brett (1988) transformed from the Glass system to the 2MASS system. The region occupied by O-rich Miras in the Galaxy is shown by the closed box (Feast et al. 1984) , the so-called 'Mira coffin'. 
Variable object #1060
In the case of object #1060, the light curves show a steadily brightening trend with time. The J, H, K S magnitudes changed by −0.64, −0.55 and −0.49, respectively, over the period covered by our data. After linear slopes were removed, the period-finding program found a period of 276 day would fit the data, though the K S data are consistent with no variation. The data for this object are shown in Fig. 5 , together with the fitted two-component lightcurves.
This variable is clearly blue on the basis of our photometry (J − K S = 0.33, K S = 15.30). It is very close to the position of the 2MASS object, 2MASS J10030205-2608575, which is distinctly redder and fainter (2MASS: J − K S = 0.77, K S = 15.78), though the 2MASS errors are relatively large. The 2MASS star is identified as a red supergiant by Davidge (2018) .
An object at the position of #1060 was found in the Catalina survey to be variable, where it is designated SSS J100302.1-260857, and is classified there as type VAR with a V magnitude range of 14.5 to 16. where it has clearly blue colours at epoch JD2456096.5, but is flagged as extended. Our measurement appears to refer to the combined light of the red supergiant and another object. The 276-day variation might be due to the supergiant, but assuming that to have not varied since the epoch of the 2MASS measurement, the contribution of the second object at our mid observational epoch would have been (J − H = −0.15, H − K S = −0.03, J − K S = −0.19, K S = 16.43) but the 2MASS errors are too large to attach any real significance to this result, save to say that the object is bluer than the supergiant. Taken at face value these colours suggest a significant emission line flux from the blue object.
In the ACS Nearby Galaxy Survey Treasury images of NGC 3109 (Holtzman et al. 2006) , there is an object about 1.15 arcsec north-east of the supergiant; it is object #12829 in Field 3, which is clearly blue with F606W − F814W = 0.1, corresponding to V − I = 0.159. Our mean epoch of observation was JD2452801, whereas that of the HST observation was JD2454411, so the object continued to be blue for some years after our observations. It could possibly be a background quasar or AGN that has undergone a long-lived outburst.
C stars
Intrinsic carbon stars form following third dredge-up (3DUP) when sufficient carbon reaches the stellar surface to change the surface chemistry from C/O < 1 to C/O > 1 and therefore to change the dominant molecules from H 2 O, TiO etc to CN, CH, C 2 etc. (note that CO is always present and uses up most of either C (in O-rich stars) or O (in C-rich) stars). The amount of 3DUP depends on the mass and metallicity of the star, and the amount of 3DUP required to change the surface chemistry depends on the initial oxygen abundance, as the more oxygen initially present the more carbon is required to move the ratio to C/O > 1. The relative numbers of Cand O-rich AGB stars is theoretically a sensitive probe of mass and metallicity (see, e.g. Marigo et al. 2017, fig. 10 ), although it has yet to be calibrated against observations over large ranges of these quantities.
The relative numbers of C stars and M stars is often used as a proxy for metallicity and methods such as that devised by Cioni et al. (2006) are used to establish the region in a colourmagnitude diagram (e.g. Jones et al. 2018) where the O-and Crich stars should be expected. This is illustrated in Fig. 2 where the area in which O-rich stars are anticipated at [Fe/H] = −1.2 is shown as parallel dashed lines (Cioni et al. 2006) . This is a representative metallicity for the AGB stars in NGC 3109 (see Fig. 8 ); a change of ±0.5 in [Fe/H] moves the lines by ±0.06 in J − K S . O-rich stars should fall between these lines, while C stars should fall to the right. Note that if this method was used on NGC 3109 then almost one third of the C-stars we observed would have been classified as O-rich. Thus this is not an effective way of isolating C stars in galaxies that are significantly different from the Magellanic Clouds, where the method was calibrated. In contrast, the Marigo models discussed in section 6 fit our observations of C stars rather well. None of our variables matches any star in the C star list of Demers et al. (2003) . None of the 45 C stars in this list that we have measured is a large amplitude variable. Our limiting magnitude is rather bright, being set by the faintest measurable stars on the reference H image, so we have missed most of the C stars in our field. Close inspection of the K S images showed that a further 172 C stars were visible on at least 10 frames. We used Sextractor (Bertin & Arnouts 1996) to measure these stars on as many frames as possible. The precision of the photometry is low (± 0.2 mag per point), but we found no evidence for large amplitude variability. On the other hand, as suggested later in section 5, variable star #2075 may be an unrecognised C star (see section 5).
Comparison with NGC 6822, WLM, IC 1613 and the SMC
It is instructive to compare the variables in NGC 3109 with those in other dwarf irregular galaxies, namely, NGC 6822, WLM, IC 1613 and the SMC. In Fig. 6 we have added our photometry for the red supergiants from Levesque & Massey (2012) and for the O-Miras from Whitelock et al. (2013) in NGC 6822, our unpublished data for the red supergiants (Levesque & Massey 2012) and newly discovered variables in WLM (Menzies, in preparation) , as well as for the four O-rich Miras in IC 1613 (Menzies et al. 2015) . We have corrected the NGC 6822 data for the differential distance modulus of 2.03 mag and an assumed reddening for that galaxy of E(J − K S ) = 0.13 mag. For WLM and IC 1613, where the reddening is negligible, the K S magnitudes have been adjusted downward by 0.7 and 1.42 mag, respectively. Data for the SMC variables are taken from the discussion in section 6. The five variables in NGC 3109 with periods between 430 and 680 days lie to the red of the supergiants in the colour-magnitude and two-colour diagrams. They occupy the same regions as do the HBB Miras in NGC 68222 and IC 1613.
Period-Luminosity Relations
The log period-apparent K S luminosity diagram based on the data from Table 1 is compared with the PL relation for the LMC (Whitelock et al. 2008b) shifted from a distance modulus of 18.5 to our assumed value of 25.6 for NGC 3109 is shown in Fig. 7 . The linear relation was established by Whitelock et al. (2008b) for log P 2.6 and is extrapolated beyond that in the diagram. The C-Miras follow the same relation up to log P = 2.6. We include the periodluminosity relation found by Ita & Matsunaga (2011) for variables with log P > 2.6.
While the two reddest variables sit close to the LMC line, the other six are significantly brighter. They are probably O-rich stars and at least five of them are undergoing hot-bottom burning.
EVOLUTIONARY STATUS OF THE VARIABLES AND C STARS
Star formation in NGC 3109 has taken place in two episodes (Weisz et al. 2011 ). In the first, almost 80% of the galaxy's stars were formed by about 10 Gyr ago; these presumably are the giants and fainter stars with a very low metallicity. In more recent times, since about 2 Gyr ago, stars have been forming at a slow rate with presumably a steady increase in metallicity to the level seen in the blue supergiants (e.g. Tramper et al. 2014 ). Thus we would expect there to be a range of metallicity and age amongst the AGB stars.
To illustrate this, we have obtained a selection of the latest parsec + colibri tracks (Marigo et al. 2017 ) and overlaid them on the colourmagnitude diagram of Górski et al. (2011) in Fig. 8 . This can only be illustrative, but suggests a plausible range of ages and metallicities for the AGB of NGC 3109. Note that the 0.398 Gyr track covers the C stars that we measured, while the 0.798 Gyr track overlies the bulk of the fainter, red AGB stars covered by Gorskí's measurements.
To investigate the nature of the variables further we have used a small set of evolutionary tracks for the thermally-pulsing phase of the AGB (Marigo et al. 2017 ) (kindly supplied by Paola Marigo) covering the mass range from 2.6 M to 5 M , for metallicities Z=(0.0005, 0.001, 0.004). Five of the six proposed HBB variables are well represented by a track for a star with an O-rich atmosphere, M=5 M and Z=0.0005 to 0.001. This is in the mass range expected for HBB stars (see, eg. Marigo et al. 2017 ). The predicted periods at the luminosities of these variables are good matches to those observed. The track and the period evolution are shown in Fig. 9 . The sixth variable (#2081), which is the faintest, shortest period one, appears to lie on a track (not illustrated here) for a 3-4 M , Z=0.001-0.004 O-rich star where again the predicted period matches the observed one. It could also be a ∼3 M star on a track soon after becoming a C star. In the two-colour diagram, Fig 1, it is outside the O-Mira box, and at the blue end of the C-star region, though it is not identified as a C star by Demers et al. (2003) . It may be in a transitional evolutionary phase. The longest period star (#3089) can be fitted by O-rich tracks for a 5 M star with Z in the range 0.0005-0.004. Its observed period far exceeds the maximum predicted for any of these tracks.
In the case of star #2075 the situation is ambiguous. It appears to be best explained as a C-rich star with mass ∼3 M and Z = 0.0005-0.004, although the observed period is only predicted by the Z=0.004 track. This interpretation is supported by the star's position in the colour-colour diagram, Fig. 1 . On the other hand, it could be an O-rich star of mass 4-5 M , and metallicity Z=0.001-0.004, though only for the Z=0.004 case is the period predicted correctly. The variable is not listed as a C star by Demers et al. (2003) but has a large amplitude. It falls in a gap between CCDs in the CFH12K camera on the Canada-France-Hawaii Telescope, so was missed in the C star survey (S. Demers, private communication) .
Further discussion of the nature of the variables can be found in section A in the Appendix. Lebzelter et al. (2018) have proposed a method of separating AGB stars into different groups on the basis of a combination of Gaia and near-infrared photometry, which we have applied to variables in NGC 3109 and in the LMC, the SMC and some of the Local Group galaxies that we have observed in the past. For NGC 3109, we find general agreement between the classification based on this approach and that based on the evolutionary tracks.
VERY LONG PERIOD MIRAS
There are only a few large amplitude AGB variables known with primary pulsation periods over 1000 days, partly because they are rare, but the limited patience of observers and TACs also makes their characterization difficult. These stars are of special interest because they are uncommon and will include short-lived evolutionary phases of the most massive stars that experience the AGB. In our paper on Sgr dIG (Whitelock et al. 2018) we discussed a Mira with a period of P = 950 days and suggested it was in a post-HBB phase and leaving the AGB. In view of the fact that we have found two even longer period stars in NGC3109, it is appropriate to briefly review how many very long period stars there are in the Local Group and what we know about their evolution. We start with a brief census of P > 1000 day Miras in the LMC, SMC and the Galaxy.
LMC: Wood et al. (1992) measured periods of over 1000 days for eight IRAS sources in the LMC and detected OH emission in four of them, confirming their O-rich nature. Whitelock et al. (2003) confirmed the long periods for six of these and measured another three with P > 1000 days. OGLE (Soszyński et al. 2009 ) confirmed the long periods for seven of the large amplitude variables and identified one more 1 . On the basis of their colours Soszyński et al. (2009) suggested that seven of the variables with long periods were O-rich and one, IRAS05402-6956 (P=1352 day), was C-rich. However, this cannot be a C-star as it was one of those that Wood et al. (1992) detected as an OH maser, a detection that has recently been confirmed (Goldman et al. 2017) . Groenewegen & Sloan (2018) added two further O-rich sources and five C-rich sources, as well as refining some of the periods. So the total census for the LMC is 13 O-rich large amplitude variables with periods up to 1362 days and five C-rich sources with periods up to 1209 days; these are listed in Table 2 SMC: The OGLE group (Soszyński et al. 2011 ) measured periods for three O-rich Miras in the SMC of between 1062 and 1859 days. All three Miras have confirmed M-type spectra (Elias et al. 1980; Groenewegen et al. 1998; van Loon et al. 2008) . JHKL photometry for these three stars is given in Appendix B and a summary of their mean colours and amplitudes is given in Table 3 , where the periods are taken from OGLE (Soszyński et al. 2011 ), but agree with what is derived from the measurements in the Appendix.
HV 11417 is sometimes classed as a supergiant, but these colours put it in the region of the two-colour diagram occupied by Miras (Feast et al. 1984 ) which, together with its large amplitude, supports the AGB classification favoured recently (Soszyński et al. 2011; Groenewegen & Sloan 2018) . The other two stars have the colours of Miras reddened by circumstellar reddening and could be either O-or C-rich. All three stars are shown in Fig. A1 where IRAS00483-7347 falls in the region dominated by C stars, showing that the classification scheme based on Gaia and near infrared photometry breaks down (as do other photometrically-based schemes) for O-rich stars with high mass-loss rates. Transforming the photometry to the 2MASS system following Carpenter (2001) Fig. A1 for comparison with the NGC 3109 Miras, assuming a distance modulus of 18.9 for the SMC. Groenewegen & Sloan (2018) suggest that IRAS 00483-7347 (MSX SMC 055) is the best Magellanic Cloud candidate for a super-AGB star, based on its high luminosity (M bol = −8.0), long period and large amplitude. They propose a current mass of M = 8.5 ± 1.6M and an initial mass around 1M larger than this. A high mass is independently supported by the measured high rubidium abundance (García-Hernández et al. 2009 ).
The Galaxy: The GCVS (Samus' et al. 2017) lists 11 Miras with periods over 1000 (up to 1994) days. Only one of these, V829 Cas, with a period of 1060 days (Groenewegen et al. 1998) , is a C star (Zuckerman & Dyck 1986) . This is the longest period known for a C-rich Mira in the Galaxy, and the only one above 1000 days. The models discussed by Marigo et al. (2017) do not produce C stars at high metallicities, so we would anticipate that such stars are less common in the Galaxy, particularly among the higher-mass longer-period AGB stars, than e.g., in the Magellanic Clouds.
Four of the other ten GCVS variables are either not Miras or have periods much shorter than 1000 days. The ASAS online catalogue (Pojmanski 1997 ) convincingly provides shorter periods for three of them, CD Pup, V1156 Sgr and V581 CrA (the last is actually an RCB star (Miller et al. 2012) ) and the AAVSO catalogue (Watson et al. 2006) gives a short period for EI Sct. The other six long period Miras in the GCVS are OH/IR stars, so they are definitely AGB stars and their long periods are at least plausible; these are listed in Table 4 with their periods and the uncertainty on the period (∆P) where it is given in the reference. The GCVS also lists three possible Miras with P > 1000 days; one of these, AY Lac, is a cataclysmic variable (Kroll et al. 2003) , the second, V669 Cas, is a well known OH/IR star and is included in the Table. Very little Górski et al. (2011) , the * symbols (green) are our variables, and the (red) triangles show the C stars we measured in the present study. The near-vertical tracks are isochrones for, from left to right, ages of 0.398 (blue), 0.798 (magenta) and 10.0 Gyr (green), respectively. The isochrones have different metallicities, decreasing from left to right, of Z = 0.001, 0.0007, 0.0003, respectively. The dashdot (red) line is the continuation of the 0.398 Gyr isochrone after stars become C-rich, while the continuous (red) line is the same for the 0.798 Gyr isochrone. Note that the tip of the 10 Gyr isochrone coincides with the tip of the red giant branch as measured by Gorskí.
known about the third, CP Sco, but the AAVSO list a short period, so it is not included here.
There are another nine OH/IR sources for which periods over 1000 days have been determined, listed in Table 4 , and several of them already have GCVS designations. So there are at least 16 Orich Miras with periods over 1000 days in the Galaxy.
In addition to the variables discussed above there are sev- eral other OH-variables within the Galaxy with periods over 1000 days (a few over 2000 days) (e.g., Herman & Habing 1985; van Langevelde et al. 1990 ), most of which are probably massive AGB stars (some may be supergiants), but have no optical or nearinfrared counterpart, presumably because of circumstellar and/or interstellar absorption (they are close to the Galactic plane). So, in summary, within the Galaxy there is one C star and at least 16 O-rich stars with periods over 1000 days. The census is obviously incomplete, but the total number cannot be very large. Long periods among Miras are rare, either because they are in a very short-lived evolutionary phase (see, e.g. Marigo et al. 2017) or because they only occur among the most massive, and therefore the rarest, of the AGB stars, or both. As summarized by Feast (2009), we understand that the initial mass of Miras with periods less than about 400 days is a function of their pulsation period. The situation is less clear for longer period stars, some of which experience HBB (see, e.g. Whitelock 2017; Whitelock et al. 2018) . Very long period OH-variables, which can be detected to very large distances, are found only close to the Galactic plane, supporting the view that they have progenitors that are significantly more massive than shorter period Miras.
It is therefore very interesting that we find two very long period stars in NGC 3109. If #2075 is indeed a C star (section 5), its period is comparable to those of the longest period LMC C-rich Miras and longer than any C-Mira known in the Galaxy. In view of the problems there have been in classifying LMC long-period stars as O-or C-rich, as described above, this must be confirmed using spectroscopy or narrow band filters. The period of 1486 days for #3089 is somewhat uncertain because of the limited temporal coverage, but the period cannot be under 1000 days. Both of these stars are much bluer (lower J − K S ) than Miras of comparable period in the Galaxy or the LMC, indicating lower circumstellar extinction and weaker stellar winds. Whitelock et al. (2018) discussed a long period (∼ 950 day) O-rich Mira in Sgr dIG, emphasizing how unusual it was to find such a long period Mira with such blue colours. Using stellar evolution models they suggested that its progenitor had a mass around 5M , and that it was close to the end of its AGB evolution. It is interesting that we find a very similar star in NGC 3109, which galaxy has about 20 times the mass in the form of stars than does Sgr dIG (McConnachie 2012) (there is insufficient information to comment on the relative number of stars of the appropriate age to produce long period Miras). It is not entirely clear what metallicity we should associate with these, presumably (2017) detect OH and Rb.
massive, AGB stars, but probably not as low as in Sgr dIG. The metallicity is important as it affects the mass-loss rates of O-rich stars much more strongly than those of C-rich ones (Wood et al. 1992; Matsuura et al. 2005 ). As mentioned above, there is strong evidence that the young stars in NGC 3109 have higher metallicities than do those on the giant branch. This is important in the context of the conclusions of Goldman et al. (2018) who suggest that the dusty winds, which are generally found towards the end of the evolution of the most massive cool stars, are curtailed at low metallicity (see also Wood et al. 1992; Matsuura et al. 2005 , and references therein). It is also potentially important in the context of electron-capture supernova (ECSNe) (Langer 2012 , section 7.1 and references therein), the progenitors of which are probably massive AGB stars. The frequency of ECSNe may depend on metallicity, if at low metallicity the stellar winds are weaker, so that evolution is not terminated by mass loss and the core has time to grow large enough for the star to become a supernova. The discovery of two luminous long period AGB variables in the metal weak environment of NGC 3109 lends support to this channel for ECSNe.
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The data for the Miras are tabulated in Table A1 where BP and RP are Gaia DR2 blue and red magnitudes, and W RP − W K are 'colours' as defined in Lebzelter et al. (2018) . The supergiants and S stars are in Table A2 . In Fig. A1 we plot M K S against W RP − W K . The solid lines separate the regions defined by Lebzelter et al. (2018) ; they are to some extent arbitrary and points lying close to them cannot be confidently assigned to a particular region. We have included known supergiants in the galaxies in the diagram. Absolute K S magnitude is plotted on the y axis in contract to apparent LMC K S magnitude in Lebzelter et al. (2018) .
Because the stars are relatively faint, Gaia photometry is not available for them all. In IC 1613 only the four brightest O-rich Miras were found. These were considered by Menzies et al. (2015) to be massive stars undergoing HBB, and they appear in Fig. A1 in region (b) as expected. All the unambiguous red supergiants cluster in region (d), while the Cepheid, v25, lies in region (c).
For NGC 6822 there are data for seven of the 50 C-rich Miras (Whitelock et al. 2013 ) which all fall in region (b), and 10 of the 11 O-rich Miras. The four HBB stars and the possible red supergiant appear in region (d), and two of the other O-rich variables are in region (c). However, the remaining three are unexpectedly in region (b) amongst the C-rich stars. As discussed by Lebzelter et al. (2018) such stars might have dust shells which contribute extra reddening not accounted for in the Wesenheit formulae. The non-variable red supergiants appear in region (d), while the S stars are to be found in the lower C star region as Lebzelter et al. (2018) suggested they would be.
Six of the eight Miras in NGC 3109 reported in this paper have data. Four of the suspected HBB stars fall in region (d) as would be expected, while a fifth is in region (b), close to the boundary with region (d). The very long period star (#2075) lies in region (b) and may be C-rich as speculated in section 5.
The SMC stars are all O-rich. Two appear in regions (a) and (d), while the third is in region (b) where extreme C stars are ex- pected. In the last case, there must be a very thick dust shell providing extra reddening.
For the LMC stars, we only have single-epoch 2MASS measurements. These stars are likely to have relatively large amplitudes so the positions in Fig. A1 in the vertical direction are somewhat more uncertain than for the stars in the other galaxies. Nevertheless, three of the LMC stars lie in a similar position to the single extremely red SMC Mira and, like it, probably have thick dust shells.
None of the WLM variables have Gaia DR2 data so could not be included.
Thus, most of this small sample of Miras in Local Group galaxies appear in the Lebzelter diagram where predicted on the basis of the LMC data. However, this diagram can only be used as supporting evidence for the chemical characteristics of a specific variable; spectra are necessary for a definite attribution to be made.
APPENDIX B: VERY LONG PERIOD VARIABLES IN THE SMC
The measurements reported here were obtained with the 1.9-m telescope at SAAO and are on the SAAO photometric system as defined by Carter (1990) , i.e. they are different from the IRSF photometry reported in the body of the paper (Carpenter (2001) provides transformation equations between the SAAO and 2MASS systems). The errors are less than 0.03 mag at JHK and less than 0.05 mag at L except where marked with a colon where they are less than 0.1 mag. Fourier mean values for the photometry are given in Table 3 . The time-series photometry for the variables reported on in this paper is presented in the following nine tables, Tables C1 to C9 . Column contents are indicated by the headings and are obvious except that J , etc are photometric errors. A sample of the photometric data catalogue is shown in the accompanying Table C10 . The full photometric catalogue and the variable star files can be obtained online. Table C8 . Photometric data for variable #3064
